In previous studies, permeability was shown to be one of the most important factors influencing the delivery of vidarabine and its 5'-O-esters in the vaginal membrane of the mouse. The present report describes the results of the extension of these studies to the guinea pig vaginal membrane. By a vaginal smear procedure, the estrous cycle (approx. 16 days in duration) was monitored by dividing it into five stages. The vaginal membrane permeability of vidarabine was measured during each stage in a two-chamber diffusion cell. This study revealed that the permeability coefficients for vidarabine were 5-100 times higher during the early diestrus stage than during the estrus stage. Additional permeation studies on membranes at the estrus stage were performed by separating the upper layer (keratin layer combined with mucous layer) from the rest of the membrane. The low permeability coefficient of vidarabine for the upper layer suggests that this layer may be the major diffusion barrier (mainly keratin layer) for vidarabine when the drug is topically applied during the estrus stage. The immature guinea pig vaginal membranes showed permeability coefficients comparable to those values obtained from the membranes of mature guinea pigs during the early diestrus stage.
Summary
In previous studies, permeability was shown to be one of the most important factors influencing the delivery of vidarabine and its 5'-O-esters in the vaginal membrane of the mouse. The present report describes the results of the extension of these studies to the guinea pig vaginal membrane. By a vaginal smear procedure, the estrous cycle (approx. 16 days in duration) was monitored by dividing it into five stages. The vaginal membrane permeability of vidarabine was measured during each stage in a two-chamber diffusion cell. This study revealed that the permeability coefficients for vidarabine were 5-100 times higher during the early diestrus stage than during the estrus stage. Additional permeation studies on membranes at the estrus stage were performed by separating the upper layer (keratin layer combined with mucous layer) from the rest of the membrane. The low permeability coefficient of vidarabine for the upper layer suggests that this layer may be the major diffusion barrier (mainly keratin layer) for vidarabine when the drug is topically applied during the estrus stage. The immature guinea pig vaginal membranes showed permeability coefficients comparable to those values obtained from the membranes of mature guinea pigs during the early diestrus stage.
Introduction
In the mouse, the estrous cycle affects the vaginal membrane permeability of vidarabine (9-/3-D-arabinofuranosyladenine, ara-A, an antiviral agent against a broad spectrum of DNA viruses including the herpes simplex virus) to such an extent that the permeability coefficient varies lo-lOO-fold (Hsu et al., 1983) . This may be one of the most important factors influencing the antiviral efficacy of topically applied vidarabine and its prodrugs in the treatment of herpes simplex type 2 genital infections in mice. The guinea pig has also been used as an animal model for studying genital herpes infections (Kern et al., 1978) . It is an especially interesting animal model because it may be used for both primary and recurrent disease (Scriba, 1975) . The present study describes the effect of the estrous cycle on the guinea pig vaginal membrane permeability of ara-A.
Materials and Methods

Materials
The [ 3 HlZvidarabine ' was purified by HPLC, using a stainless-steel column filled with a reversed phase C-18 type material 2. The mobile phase was 25% methanol and 0.1% acetic acid (pH 4.5). (Hsu et al., 1983) .
Guinea pig estrous cycle determination
Mature female albino guinea pigs (Hartley strain) were monitored for estrous cycle. Vaginal smears were obtained by a device consisting of 6 cm of polyethylene tubing attached to the end of a 20-gauge needle which was connected to a l-ml syringe. About 0.2 ml of normal saline solution was drawn into the syringe introduced 20-40 mm in the vagina and then retracted into the syringe. This fluid was transferred to a microscopic slide. A new method was applied in staining the guinea pig vaginal smear. The Papanicolaou stain normally applied to human vaginal smears was used in staining the guinea pig cells. This staining procedure heightened the color, contrast, and provided greater detail of the histological picture (Papanicolaou, 1954) .
As has been done previously (Yu et al., 1980) permeability coefficients were calculated from the fluxes and concentration differentials across the membrane using the following equation:
where V = volume of the receiver solution; A = diffusional area of the membrane; AC = concentration differential across the membrane; $ = concentration change in the receiver chamber with time.
Results and Discussion
Guinea pig estrous cycle
Two categories of cells were found in the vaginal smears: leucocytes and epithelial cells (mucous cells, nucleated squamous cells and anucleated squamous cells). There were five stages in the estrous cycle each represented by a different smear picture. The stages were estrus, metestrus, early diestrus, late diestrus and proestrus. Figs. 1 and 2 show typical profiles of vaginal smears at estrus and diestrus stages of the estrous cycle, after being stained by a modified Pap's method (Papanicolaou, 1954) . The duration of the estrous cycle was computed by using 24 indi~dual mean values, one for each animal. The mean and the standard deviation were found to be 15.9 + 0.84, respectively.
Guinea pig vaginal membrane permeability of vidarabine and thickness during estrous cycle stages and immature period
The vidarabine permeability coefficients and the membrane thicknesses are shown in Figs. 3 and 4 , respectively. During the estrus stage the permeability was lowest and the thickness was the greatest 5. In contrast, during the early diestrus stage, the permeability was the highest and the thickness was the lowest. Although the difference between the thickness of the membrane during the estrus stage and that at early diestrus was about 2-fold, the permeability coefficients of ara-A during estrus were at least 5 times and on occasion, 100 times (50 times as an average) lower than those during the early diestrus stage. Therefore, it appears that the change in the permeability coefficient of ara-A during the estrous cycle was mostly due to significant qualitative changes in the membrane rather than simply an increase in the membrane thickness.
Because of the above findings, it was decided to microscopically examine the cross-sections of the membrane at each stage of the estrous cycle (Figs. 5-8 ). The photomicrographs show that the vaginal membrane consists of an epithelium and lamina propria, and that the epithelium is composed of up to 3 layers, depending on the phase of the cycle: the mucous layer (superficial), the keratin layer, and next to the lamina propria, the less mature squamous epithelium. Beneath the fibrous stroma of the lamina propria is the muscular layer. The mucous layer was observed during the late diestrus, the proestrus and the estrus stages. These results seem to show that the keratin layer may be the major barrier for drug transport.
Vaginal membranes obtained during the estrus stage were separated into two parts using a pair of forceps and permeability experiments were conducted with each of the two components. The upper part consisted of the ,keratin layer combined with the mucous layer and the lower part was the combined squamous epithelium and the stroma. Vidarabine permeability coefficients determined for these two components are presented in Table 1 . The permeability coefficients for the total membrane, P,, calculated from the data according to Eqn. 2 are also given in Table 1 .
Puppcr Iayer + PIowerlayer 21.5 Fig. 5 . Guinea pig vagina, early diestrus. Immature stratified squamous epithelium (E) overlies fibrous stroma of the lamina propria (S) (hematoxylin and eosin stain).
As can be seen, these PT values agree well with pe~eability coefficients which were directly determined using membranes obtained during the estrus stage (Fig. 3) . These results show that the upper portion, mainly the keratin layer could be a primary diffusion barrier. Furthermore the permeability coefficients for the lower part were significantly less than those obtained for the membrane during the early diestrus stage. They were, in fact, comparable to the permeability coefficients of the membrane during proestrus and metestrus stages. Interestingly, similar conclusions were deduced in studies with the mouse vaginal membranes (Hsu et al., 1983) . These findings confirm the fact that in addition to the keratin layer, there is a cycle-related low permeability layer, most likely the squamous epithelium, since its thickness does change during the estrous cycle.
Figs. 3 and 4 also present data for vaginal membranes of immature guinea pigs. These values and the thicknesses for immature membranes are comparable to those for mature guinea pigs at early diestrus. The cross-sections of immature guinea pig Fig. 9 . Guinea pig vagina, metestrus. Mature stratified squamous epithelium overlies fibrous stroma of the lamina propria (hematoxyhn and eosin stain). vaginal membranes (Fig. 10 ) also show similarities in appearance to those of the mature guinea pigs at early diestrus.
The results of the present study have shown that the influence of the estrous cycle on drug delivery can be very important.
In in vivo studies using vaginally infected guinea pigs, it may be essential to consider whether immature or mature guinea pigs may be used and how the estrous cycle may be monitored; otherwise, meaningful results may not be obtained.
